In November 1998 the earth passed through a maximum in the cometary material responsible for the yearly Leonids meteor shower. The meteor storm event produced numerous examples of long-lived chemiluminescent trails--visible to the naked eye over New Mexico, where a major observation campaign was centered. One trail was detected for over an hour with a CCD camera employing a narrow sodium filter, and many others were observed for over ten minutes each. For the first time, sodium densities in such trails were measured while also being imaged in sodium light. We have verified one source of long-lived light emissions--a sodium-catalyzed reaction involving ozone--but it is far too weak to explain the visibility of such trails. In addition, we present a new explanation for the cylindrical shell appearance long reported for chemiluminescent trails and show that ozone depletion by chemical processes is a possible explanation for this phenomenon.
Introduction
One of the most fascinating effects of meteor entry into the earth's upper atmosphere is the occasional production of long-lived chemiluminescent trails. The first reports in scientific literature stem from observations of these trails during meteor storms in the last century, particularly during the 1866-68 period when the Leonids meteor shower exhibited one of its 33-year activity peaks. The drawing in Figure 1 reproduces what a visual observer saw over Cardiff, England during Leonid shower activity on November 14, 1866 [Trowbridge, 1907; 1911] . The trail was triangulated from
Sidmouth and Cardiff and found to have a length of 26-29 km and a mean height of 90 km. The trail was visible to the naked eye for 12 minutes. Even to this day, the process or processes responsible for this phenomenon have remained uncertain due to difficulty in performing measurements during such a transient phenomenon. Here 
Data Presentation
Some of the trails' complexity, as well as their beauty, have been recorded with the 400 mm camera, which had a 2 degree field-of-view. The trail seen in Plate i had been in existence for about 82 seconds when this frame was obtained.
The trail was formed in the 90-100 km height range. The distortion of the trail is due to atmospheric winds that vary with altitude. The double-edged character of the trail has long been thought to be an optical depth effect caused by viewing a cylindrical shell from the side [Trowbridge, 1907; 1911; Hawkins, 1957] . We return to a discussion of the shell formation below.
Plate 2 shows another trail detected at the SOR using the same CCD camera. Notice the great similarity of this photograph with the sketch in Figure 1 . The laser light sources can also be seen in the images. The most intense beam in Plate 2 is from the copper vapor laser. Light from the weaker sodium beam can be seen in both figures. We were able to track a dozen lingering trails over the course of the evening. The sodium resonance lidar has the ability to measure the amount of sodium in the upper atmosphere as well as its temperature and mean velocity in each range gate [Gardner, 1989] . This measurement is the crucial one which, for the first time, will allow a quantitative estimate of the sodium glow component in the chemiluminescence theory of Chapman [1939, 1956] and Baggaley [1977a Baggaley [ , 1981 ] outlined below. All of the trails tracked by the system and within the spread of the laser range gates exhibited very strong resonance sodium backscatter.
The trail in Plate 2 was at an elevation of 30 ø and just outside the reach of the largest lidar range gate. However, as shown below, the trail glowed brightly enough in the sodium emission line to be detected for over an hour by the all-sky camera. An example of the measured sodium profile display from the event shown in Plate I is presented in Figure 2 . The spike at 92 km had a peak sodium density ten times that of the background sodium layer, which is also apparent in the plot. Two spikes are seen, since the laser was pointed at the place where the trail seemed to cross itself. Such measurements will allow for a quantitative estimate of the sodium glow from both the trail and the background sodium layer airglow intensity. Sodium all-sky camera images of the structure shown in Plate 2 are presented in Figure 3 Finally, because of the deep contrast between the center and the edges of the structure in Plate 1, the hollow cylinder effect is called into question.
